Biosynthesis of ascaridole: iodide peroxidase-catalyzed synthesis of a monoterpene endoperoxide in soluble extracts of Chenopodium ambrosioides fruit.
Ascaridole, an asymmetric monoterpene endoperoxide with anthelmintic properties, occurs as a major constituent (60-80%) in the volatile oil of American wormseed fruit (Chenopodium ambrosioides: Chenopodiaceae), and as a lesser component in the leaf pocket oil of the boldo tree (Peumus boldus: Monimiaceae). Determination of optical activity and chromatographic resolution of naturally occurring ascaridole, and several synthetic derivatives, showed that both wormseed and boldo produce ascaridole in racemic form. The biosynthesis of ascaridole from the conjugated, symmetrical diene alpha-terpinene (a major component of the oil from wormseed) was shown to be catalyzed by a soluble iodide peroxidase isolated from homogenates of C. ambrosioides fruit and leaves. The enzymatic synthesis of ascaridole was confirmed by capillary gas-liquid chromatography and mass spectrometry of the product, which was also shown to be racemic. Optimal enzymatic activity occurred at pH 4.0 in the presence of 2.5 mM H2O2 and 1 mM NaI. Soluble enzyme extracts were fractionated by gel filtration on both Sephacryl S-300 and Sephadex G-100, and were shown to consist of a high-molecular-weight peroxidase component (Mr greater than 1,000,000, 30% of total activity) and two other peroxidase species having apparent molecular weights of 62,000 and 45,000 (major component). Peroxidase activity was susceptible to proteolytic destruction only after periodate treatment, suggesting an association of the enzyme(s) with polysaccharide material. Ascaridole biosynthesis from alpha-terpinene was inhibited by cyanide, catalase, and reducing agents, but not by compounds that trap superoxide or quench singlet oxygen. A peroxide transfer reaction initiated by peroxidase-generated I+ is proposed for the conversion of alpha-terpinene to ascaridole.